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ABSTRACT 

We report on an imaging survey with the Spitzer Space Telescope of 62 bright- 
est cluster galaxies with optical line emission. These galaxies are located in the 
cores of X-ray luminous clusters selected from the ROSAT All- Sky Survey. We 
find that about half of these sources have a sign of excess infrared emission; 22 
objects out of 62 are detected at 70 /im, 18 have 8 to 5.8 /im flux ratios above 
1.0 and 28 have 24 to 8 /xm flux ratios above 1.0. Altogether 35 of 62 objects 
in our survey exhibit at least one of these signs of infrared excess. Four galaxies 
with infrared excesses have a 4.5/3.6 /xm flux ratio indicating the presence of hot 
dust, and/or an unresolved nucleus at 8 /im. Three of these have high measured 
[OIII](5007A)/H/3 flux ratios suggesting that these four, Abell 1068, Abell 2146, 
and Zwicky 2089, and R0821+07, host dusty active galactic nuclei (AGNs). 9 ob- 
jects (including the four hosting dusty AGNs) have infrared luminosities greater 
than IO^^Lq and so can be classified as luminous infrared galaxies (LIRGs). Ex- 
cluding the four systems hosting dusty AGNs, the excess mid-infrared emission 
in the remaining brightest cluster galaxies is likely related to star formation. 

Subject headings: stars: formation - galaxies: clusters: general - galaxies: active 
- galaxies: elliptical and lenticular, cD - cooling fiows - infrared: galaxies 



1. Introduction 



X-ray observations of many galaxy clusters show a density increase and a temperature 
decrease toward the centers of t hese systern s, implying that gas should be cooling at rates 
of a few to 1000 Mq yr~^ (e.g., lAllerul2000l ). A number of studies have found evidence for 



cooled gas and star formation in galaxy clusters, but at a rate b elow that corresponding 
to the cooling rate predicted from the X-ray observations (e.g., iMcNamara fc O'Conneh 
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19891 : ICardiel et al.l Il998l : ICrawford et all Il999l : iBregman et all boOGf ). Although mecha- 

nisms to counteract radiative coohng of the intracluster medium have been identified (e.g., 

Birzan et allbooi iRaffertv et aPbood : lOunn fc Fabianlbood : IPeterson fc FabiaJ20od : iMcNamara fc Nulse 
20071 ). these energy sources do not seem to be sufficiently efficient to shut off cooling alto- 
gether. Up to 10^^M(D molecular gas is detected in BC Gs with the largest mass deposition 
rates (e.g., Edge et al. 2002 : Salome &: Comb j 2003). Most cooling ffow syst ems exhibit 



optical emission-lines such as Ha ( iHeckman 



1981 



Hu. Cowie fc Wang I Il985l ) . Emission 



line spectrosc opy suggests that som e of the emission is due to photoionization and heating 
by hot stars (IVoit &: Donahud 119971 ). The gulf between the spectral limits on the conden- 
sation rates and the sink of cooling material, the primary objection to cooling ffows, has 
narrowed dramatically. In some systems, star for mation rates are close to the X-ray and 



far Uy estimates of th e rates of gas condensation (IHicks &: Mushotzkyll2005l : iRafferty et al. 
200d : lMcNamarall2004h . 



To probe the efficiency of cooling and star formation in cluster galaxies, we aim to 
provide more direct measurements of the star formation rate in central cluster galaxies using 
broad band images obtained with the Spitzer Space Telescope (SST). Recent work u sing SST 



observ ations of a few brightest cluster galaxies (BCGs) includes the study by lEgami et al. 
( 120061 ) finding that the majority of BCGs are not infrared luminous. This study of 11 



galaxies suggested that star formation was responsible for non-AGN excess infrared emission 
in 3 BCGs and that star formation was taki ng place primarily in objects with high X- 
ray luminosity. Two of the objects studied by lEgami et al.l (120061 ) have estimated infrared 
luminosities classifying them as Luminous Infrared Galaxies (LIRGs), 10^^ < Ljr < IO^^Lq. 
Star formation rates for the infrared luminous objects wer e approximat e ly 10 times lower than 
the mass deposition rates. While the galax i es stu died by lEgami et al.l (120061 ) are moderately 
distant (0.15 < z < 0.5), iDonahue et al.l (120071 ) found that the BCG in the nearby {z = 
0.0852) cluster Abell 2597 can also be classified as a LIRG. 



I n this paper we build on the previous studies of a small number of BCGs ( lEgami et al. 



20061 : iDonahue et al.l 120071 ) with an imaging survey of 62 BCGs using the Spitzer Space 



Telescope (SST). In this paper we describe the sample and survey data and briefiy discuss 
the morphology seen in the images. Using aperture photometry we assemble spectral energy 
distributions (SEDs) of the central regions of the galaxies and identify the sources that 
have infrared excesses and estimate their infrared luminosities. Using infrared colors and 
morphology (whether a central source was red and unresolved) and optical emission line ratios 
we differentiate between sources with infrared emission consistent with contribution from a 
dusty AGN and those likely dominated by star formation. Comparison data are assembled to 
search for correlations between infrared luminosities and other clus ter properties; how ever, 
the actual comparisons are done in a companion paper (paper II; lO'Dea et al.ll2007l ). In 



-4- 



this paper all luminosities have been corrected or computed to be consistent with a Hubble 
constant Hq = 70 Mpc~^ km s~^ and a concordant cosmology {Qm = 0.3 and flat). 



2. Images 
2.1. Sample 



The sample was chosen to invest igate the irnpact of optical ernission lines, known to be a 
good indicator of a cool core cluster (lEdge et al.lll992l : lPeres et al.lll998l ). on the mid-infrared 
emission of BCGs in a representative sample of clusters. The sample was principally selected 
from the compr e hensi ve optical spectral survey of BCGs in 215 ROSAT-selected clusters of 
Crawford et al.l (Il999l ). The Cr awford et al. study includes 177 clusters (or 87%) from the 
Brightest Cluster Sam ple fBCS. lEbeling et al.lll998l ). 17 (17%) from the extended Brightest 
Cluster Sample fBCS. lEbeling et allboooh. 1 1 (2%) of the ROSAT-ESO Flux Limited X-ray 
(REFLEX) cluster sample (IBohringer et al.ll2004l ) and 10 clusters below the flux limit from 



these 3 samples (< 3 x 10"^^ erg cm"^ s"^ 0.1-2.4 keV) or at low galactic latitude (|6| < 20°). 
Optical emission lines are detected in 27% of the Crawford et al. sample and we select all 
BCGs detected brighter than 0.5x10"^^ erg cm~^ s~^ extracted from a 1.3" slit in either Ha 
or [Nil] from the BCS, eBCS and REFLEX samples. This flux selection is a factor of a few 
above the detection limit of this study so allows for any variation in depth due to observing 
conditions and continuum strength. Excluding three objects where the lines were affected 
by either atmospheric absorption (A671), high declination (A2294) or a badly placed cosmic 
ray (RXJ1750. 2+3505), this gives a total of sample of 64 BCGs. To this sample we add the 
6 BCS BCGs that are known to exhibit line emission but were not observed by Crawford et 
al. to ensure that we have complete sampling of the BCS line emitters. Of this sample of 
70, 16 have existing GTO or GO Spitzer observations, e.g. M87/3C274, NGC 383/3C31 and 
NGC7237/3C442A in the study of po werful FRI radio ga laxies by Birkinshaw and A1835, 
Zw3146 and Zw7160 in the sample by lEgami et al. J2006h . leaving 54 to be observed with 
imaging by the SST. 

For completeness and to include clusters in both hemispheres, we have supplemented 
the remaining total of 54 line emitting BCGs fro m the study by Crawford et al. with 
four well-studied BCGs from the fedee et aP Jl99oh all-sky sample (A85, A3112, A4059 and 
PKS0745-191), Abell SllOl (frequently referred to as Sersicl59-01) from REFLEX and Z348 
from the eBCS which shows very strong emission lines in its spectrum in the SDSS. One BCG 
from a cluster just below o ur nominal X -ray flux limit was included, A ll, as it is the only 
remaining CO detection by lEdgd (120011 ) and ISalome fc Combed (120031 ) not covered by our 
selection for a Spitzer observation. This selection gives a sample of 61 line emitting BCGs 
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to which through an oversight in the compilation we added one non-hne emitting BCG from 
Crawford et al., A2622, to give the total of 62 observed in this program and listed in Table 
1. The redshift distribution of the sample is shown in Figure 1. At a redshift of z = 0.1, 
near the median of the sample, 1 arcsec corresponds to a distance of 1.84 kpc. 

We believe the BCGs selected for this study provide a direct test of the link between 
optical line emission and MIR emission for individual objects but also for a statistically 
significant and complete X-ray selected BCS sample. 

The 62 BCGs of our total observed sample are listed in Table [1] and the redshift distri- 
bution is shown in Figure [H At a redshift of z=0.1, near the median for the sample, 1 arcsec 
corresponds to a distance of 1.84 kpc. 



2.2. IRAC data 



The 3.6, 4.5, 5.8 and 8.0 /im broad band images were obta ined during Cycle 3 (2007- 
2008) using the Infrared Array Camera (IRAC; iFazio et al.ll2004j ) on board the Spitzer Space 
Telescope. One frame per band was observed with a 12 second frame times a 9 position 
random medium step dither pattern resulting in 108 seconds total on source integration 
time. Each image has a field of view of 5'.2 x5'.2. Post basic calibrated data were used to 
make color maps and generate photometric measurements. 



Following the previous work by lEgami et al.l (120061 ). we have begun our study by mea- 
suring fluxes in an aperture of diameter 12'.'2. Sky annulus radii and aperture corrections are 
listed in the notes to Table [2J The aperture photometry (as described here) is sufficiently 
accurate to separate between AGNs and star forming objects and estimate infrared luminosi- 
ties, allowing a survey of the energetics of our sample of BCGs. We note that spectral energy 
distributions created from our aperture photometry are not accurate enough to allow stellar 
population models to be compared in detail. Moreover, since our sample spans a range in 
distance and the IRAC images exhibit color gradients, model spectral energy distributions 
should in future be fit to measurements from different regions in each galaxy. We plan this 
in future investigations. 



2.3. MIPS data 



The 24.4 and 70 nm images were obtained using the Multiple Imaging Photometer for 
Spitzer (MIPS; iRieke et al.ll2004j ). The exposure times at 24 /im and 70 fim were 3 cycles of 10 
seconds each. Basic calibrated data were reduced with the MOPEX (IMakovoz fc Kharul2005l ) 
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software which performs interpolation and co-addition of FITS images. The final 24 and 
70 fim images have a field of view of 7'5x8f2 and 3'x8', respectively. To make phot o metri c 
measurements we have used the same aperture radii and corrections as lEgami et al.l (120061 ): 
these are listed in the notes to Table [21 



2.4. Comparison data 

Comparison data in other spectral bands for the BCGs in our sample are listed in Table 
[H Brightest cluster galaxies could host star formation, an active galactic nucleus, as well 
as a cooling flow. When available. Table [T] lists X-ray, radio (1.4 GHz) and Ha luminosities 
and [OIII](5007)/H^ flux ratios. X-ray luminosities provide a constraint on the mass in and 
radiative losses from the hot ICM. The Ha recombination line is excited by emission from 
newly formed hot stars or from an AGN. To discriminate between the presence of an AGN 
and star formation we have sought a measure of the radiation field in the [OIII](5007A)/H/3 
optical line ratio and an estimate of the radio luminosity. 

X-ray luminosities in almost all case s, are based on 0.1-2. 4 keV ROSAT fluxes. Ha 
luminosities are based on measurements by lCrawford et al.l (119991 ) . or in a few cases drawn or 
estimated from the literature (see citations given in the notes for Table [J) . The [QUI] (5 007) 
to H/3 flux ratios were taken from measurements in Table 6 by ICrawford et al.l (119991 ) and 
from spectroscopic line measurements listed in the Sloan Digital Sky Survey (SDSS) archive. 
Comparison VLA 1.4 GHz ra dio fluxes were drawn from the Faint I mages of the Radio Sky at 
Twenty cm (FIR ST) survev JSecker et al.l ll995l: Iwhite et al.lll997h and the NRAO VLA Sky 
Survey (NVSS) (ICondon et al.lll998l ). These have spatial resolutions of 5"(B conflguration) 



and 45"(D conflguration), and noise levels of ~ 140 and 450 wJy, respectively. Luminosities 
at 1.4 GHz were computed using integrated flux densitie^j. For a few objects, multiple 
sources were within a few arcseconds of the BCG galaxy position. In these cases we looked 
at the images. When objects appeared to be radio doubles we used the NVSS integrated 
flux (see notes listed in Table 1). 



^NVSS: 



http: / /www.cv.nrao.edu/nvss/NVSSlist.shtml 



FIRST: http://simdog.stsci.edu/cgi-bin/searchfirst 
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3. Results 

We discuss the morphology of the objects and the spectral energy distributions which 
show that about 1/3 of the BCGs exhibit some form of IR excess. 

3.1. Morphology 

In Figure [2] we show small (2'x2') gray scale images of all the galaxies in our sample. A 
number of them show bright sources at 24 and 70 /im. All but one of the sources (Z9077) was 
detected at 24 /im, but only about 1/4 of the sample were detected at 70 fim. Also shown 
in Figure [2] are color maps made from sky subtracted 8.0 and 3.6 /xm IRAC images. Abell 
1068, Abell 2146 , R0821+08 and Zw 2089 have prominent unresolved red central sources. 
NGC 4104 and Abell 11 have faint red and unresolved red nuclei. The remaining BCGs have 
resolved weak (e.g., Abell 1664) or no color gradients evident in the color maps. 

Two of the objects in our survey (R0751+50 and Abell 2627) are binary; each has two 
potential BCGs. For R0751+50 the eastern galaxy contains a nucleus that is quite bright 
at 24 yum but has no strong color gradient in the 3.6 to 8.0 /im ratio color map, and so is 
probably forming stars. For Abell 2627 the northern galaxy is bright at 24 /im and is also 
likely to be forming stars. 

The galaxy cluster with the most interesting morphology is R0751+50 which contains a 
bright oval or elliptical ring at seen most prominently at 8 /im surrounding the two elliptical 
binary galaxies. The ring may be a large spiral arm, is seen primarily at 8 /im but is also 
faintly seen at 24 /im. At a redshift of 0.0236 the ring has a radius from the midpoint 
between the two ellipticals of 30"~ 14 kpc. A faint counterpart is seen in Galaxy Evolution 
Explorer (GALEX) images suggesting that the ring is also emitting in the UV. The bright 
8 fim emission in the ring may be due to a dust emission feature at 7.7 /zm. 

3.2. Spectral energy distributions 

In Figure [3] we show spectral energy distributions for all of the BCGs using aperture 
photometry listed in Table [21 To minimize the contribution from the galaxy stellar com- 
ponent we have used apertures for the IRAC measurements that are smaller than those 
for the MIPS photometric measurements. Small apertures cannot be used for long wave- 
length photometric measurements because of the larger diffraction pattern; however, the 
mid-infrared excess and longer wavelength emission are unresolved in these larger apertures. 
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Thus the spectral energy distributions give us an estimate for the contribution at all plotted 
wavelengths within the IRAC apertures. 

We have classified the spectral energy distributions into 4 different types depending on 
the fiux ratio -F8.0Atm/-^5.8Mm- We chose this fiux ratio as it increases when there is emission 
from the PAH feature at 7.7 prominent in star forming galaxies. This fiux ratio is also 
more robustly measured compared to the -F24/im/-f8Atm color ratio which contains much more 
scatter, although the two colors are correlated in our sample. The correlation can be seen 
clearly in the slopes of the spectral energy distributions; sources that have red 8.0 to 5.8 /xm 
fiux ratios tend to have red 24 to 8 /xm fiux ratios. This correlation can also be seen in 
Figure Hlfrom the 5.8/3.6 /xm and 24/8 /xm colors. 

In Figures [3^,b we show the 13 sources that have the reddest color ratios; -F8/im/-^5.8/im > 
1.3. These sources have clear mid-infrared excesses (compared to a quiescent elliptical galaxy 
stellar population), and are bright at 24 /xm and 70 /im. All of this color group were detected 
in both MIPS bands. They are separated into two figures to highlight those three with 
extreme red color (in Figure [3^) throughout all bands and those with red colors primarily 
in the 8.0/5.8 fiux ratio but not the 4.5/3.6 fim fiux ratio (in Figure The objects 
shown in Figure [3}3 could have elevated emission at 8 fim due to a 7.7 fim PAH emission 
feature that is prominent in star forming galaxies but are lacking hot dust associated with 
an AGN at shorter wavelengths. The dust emission feature may account for the high 8 /im 
fiux compared to that at 24 microns for R0338+09. 

Sources with 1.0 < Fs^m/ F^^Sfim < 1-3 and 0.75 < -F8^m/-p5.8Atm < 1-0 are shown in Figure 
and Figure [3li,e, respectively. The division in color space is made so that not too many 
spectral energy distributions lie on the same plot. In Figures |3]F,g,h we show sources with 
color -F8Atm/-f5.8Atm < 0.75. Most of the objects with F^^^/ F^^^^ < 1.0 were not detected 
at 70/im. Those with detected emission at 70 /xm are also likely to contain dust that is 
heated by star formation even if they don't exhibit red colors at wavelengths below 8 or 24 
microns. We note that the 70 /im images contain spurious structure in the sky background 
making accurate photometry difficult. To list an object as detected at 70 /im we required a 
clear and statistically significant source to be located at the expected galaxy position. The 
objects with color Fq^^^/ F^ ^i-im < 0.75 and lacking a detection at 70 /xm are consistent with 
a quiescent stellar population dominated by emission from old stars. 

It is clear from Figures [3K-h that a significant number of the BCGs in our sample have 
infrared excesses. 22 objects of 62 are detected at 70/im, 18 have 8 /im to 5.8 fim fiux ratios 
above 1.0 and 28 objects have 24 /im to 8 /tm fiux ratios about 1.0. Takin g these three 
criteria together 35 objects of 62 have some kind of excess. As discussed by lO'Dea et al. 



( 120071 ) the infrared excesses are likely due to star formation with the exception of the four 
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objects that we discuss below that may be dominated by a dusty AGN. 

We can consider the fraction of objects with IR excess that did not display Ha emission 



Only one object in our sample was reported lacking emission lines, Abell 2622 (jOwen et al. 



19951 ). We did not find any evidence of infrared excess from this galaxy. 7 objects BCGs 
in our sample exhibited emission in Nil and not Ha, of these 4 exhibited some form of 
infrared excess (A2055, A2627, ROOOO+08, and Z4905) and 3 did not (A1767, A2033, A4059). 
The fraction with some form of infrared excesses is not significantly different than that of 
the total sample. Unfortunately we lack a comparison sample of X-ray bright BCGs that 
lack optical emission lines. Correlations between infrared excess and other properties are 
discussed further in paper 11. 



3.2.1. Four Luminous AGN 



The reddest sources (those in Figure ^) are an interesting group containing Abell 
2146, Abell 1068, and Zwicky 2089. These objects have red colors in all IRAC band ratios 
suggesting that very hot dust (a temperatures grea ter than 1000 K), emitting even at 4.5 
microns is present (e.g., as seen for Seyfert galaxies. lAlonso-Herrero et al.ll2003l ). The short 
wavelength spectral energy distributions for these 3 objects differ fron a that of a quiescen t 
population and from that of the objects with infrared excesses studied by lEgami et al.l (120061 ). 
Abell 2146, Abell 1068 and Zwicky 2089 have [OIII](5007)/H/? ratios of 7.1, 3.7, and 6.2 
respectively, consistent with the presence of a hard radiation s ource or AGN. The on ly other 
object in our sample with a high [0III]/H/5 flux ratio in the ICrawford et al.lll999l spectral 
study is Zw 3179 with [0III]/H/3 = 4.8l|^ but both lines are weak so this ratio is uncertain. 
Therefore, there appears to be a strong correspondence between the optical line ratios and 
the presence of hot dust emission in the IRAC bands. 

Compared to the other objects with red mid-infrared colors, Fs^rn/ F^^Sfim > 1-3, Abell 
2146 has a blue color in the ratio -FVo^m/ -^24^*111 • Abell 2146 has a ratio of ~ 3.7 compared to 



7 for Zw 2089 and 12 for Abell 1068. Abell 2146 could have a warmer dust 



temperatur e than the other obiects with mid-infr ared excesses suggesting that it is AGN 



dominated ( Sanders et al.lll988 



Armus et al.ll2007l ). This BCG could have a spectral energy 



distribution similar to that of a S eyfert galaxy or a quasar. Abell 2146 has previously been 
classified as an AGN ( Allen 19951) . whereas previous stu dies found that Abell 1068 hosts an 



extended starburst (lAUen 



19951: 



McNamara et al.l 120041 ). 



Four BCGs have prominent red unresolved nuclear sources as seen from the 8.0/3.6/im 
color maps: Abell 1068, Abell 2146, Zw 2089 and R0821+07. The first three have evidence 
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for hot dust. R082H-07 has a red color F^^^/ F^^^^j^^ > 1.3 but no evidence for hot dust from 
its -F4.5^m/-^3.6Mm ratio. It also has a high ratio [0III]/H/3 ~ 2.5 ratio, so it too could host a 
more obscured dusty AGN. 



3.3. Estimated infrared luminosities 



Following the procedure used by lEgami et al. I fl2006h we use the 8 and 24 A tm fluxes to 



estimate the infrared luminosity. Previous studies (e.g., iSpinoglio et al.lll995l : lElbaz et al. 
20021 ) have found that bolometric luminosities estimated from the 15 fim flux are less sensitive 
to dust temperature than those estimated from fluxes at other wavelengths. We estimate 
the flux at 15 /xm with a linear interpolation of the 8 and 24 /xm fluxes. Then the 1 5 /zm flux 
is converted to an infrared luminosity Lir, using equation 13 by lElbaz et al.l (120021 ) giving a 
relation between 15 /im observations and total infrared luminosity that has been established 
from Infrared Space Observatory (ISO) observations of quiescent and active galaxies; 



LiR = 11.1^1^ X (z/L^[15/im]) 



0.998 



where both Ljr and uL^llbfim] are in erg/s. Infrared luminosities are listed in Table [31 
For galaxies that have no evidence of an infrared excess and have not been detected at 
70 /im, this procedure significantly overestimates the infrared luminosity. We have checked 
that this estimate is approximately consistent with the luminosity at 70/im for the objects 
that are not red at wavelengths shorter than 8 fim but are detected at 70 /im (e.g., that 
are shown in Figure [3|i)- Consequently we have listed infrared luminosities only for objects 
that have evidence of an infrared excess. We list only objects with Fs,o/ F5,s$mum > 1-0, 
or F24:/Fsfj,ra > 1.0, or that were detected at 70/im. We find that 9 of the BCGs can be 
classified as LIRGs with lO^^L© < Lir < IO^^Lq. The 9 LIRGs include the 4 that host 
dusty AGN. These 4 h ave luminosities which put them in the Seyfert/QSO tra nsition region 
for IR luminosity (e.g.. lRush. Malkan fc Spinoglio lll993l : ISchweitzer et al.ll2006l ). Thus, these 
are Type 2 luminous AGN. 



4. Summary 

We have presented Spitzer IRAC and MIPS photometry of a sample of 62 BCGs selected 
on cluster X-ray fiux and BCG Ha or [Nil] fiux to favor objects in cool cluster cores. We 
find that one half to one-third of the sample show an infrared excess ab ove that expe c ted fo r 
the old stellar population. These results confirm the previous results of lEgami et al.l (120061 ) . 
based on a sample of 11 BCGs in X-ray luminous clusters, that some BCGs in cool core 
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clusters show an infrared excess due to star formation. 



An interesting d ifference between our survey and previous studies ( lEgami et al.l 12006 



Donafiue et al.l 120071 ) is the discovery of a small number of objects that host dusty AGNs, 
thanks to our much larger sample. Three galaxies exhibit red 4.5/3.6/im flux ratios and 
unresolved nuclei seen in IRAC color maps indicating the presence of hot dust. These three, 
Abell 1068, Abell 2146, and Zwicky 2089, have measured high [OlII](5007)/H/5 flux ratios 
suggesting that they host a dusty AGN. An additional BCG, R082H-07, has a red unresolved 
nucleus at 8/im and a high [OIlI](5007)/H/3 ratio suggesting that it too hosts a dusty AGN. 

These four BCGs have infrared luminosities greater than lO^^L© and so can be classified 
as LIRGs. A comparison between their infrared luminosity and 1.4 GHz radio luminosity 
yields ratios of 10^ — 10^ suggesting that they can be considered radio quiet. The only similar 
previously known o bject is the more distant (2: = 0.44) and hyperluminous infrared galaxy 
IRAS 09104+4109 (IFabian fc Crawfordlll995l ). also a BCG in an X-ray luminous cluster. 



In addition to the 4 hosting AGNs, there are 5 other BCGs with infrared luminosities 
greater than 10^^ Lq that can be classified as luminous infrared galaxies (LIRGs). Excluding 
the AGNs, the remaining brightest cluster galaxies with infrared excesses are li kely bright in 



the m id-infrared because of star formation as discussed in our companion paper (jO'Dea et al. 



20071 ). In this work we have discu ssed the identificati ons and broad properties of this sample. 
Our companion paper (paper II; lO'Dea et al.l 120071 ) searches for correlations between star 
formation rates, radio. Ha, CO and X-ray luminosities and mass deposition rates estimated 
from the X-ray observations. Planned future work includes fitting model spectral energy 
distributions to the observations. 



We thank Eiichi Egami for helpful correspondence. This work is based on observations 
made with the Spitzer Space Telescope, which is operated by the Jet Propulsion Laboratory, 
California Institute of Technology under a contract with NASA. Support for this work at 
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Table 1. The brightest cluster galaxy sample and comparison luminosities 



V-'lU.iSljd 


RA 


DEC z 




R ef f,!! 






Ref. 


-^1.4GHz 


Rcf. 




(2000) 


(2000) 


yi-U ei^ b ) 




) 










Abell 11 


00 12 33.8 


-16 28 06 0.1510 


0.99 


1 


120 




3 


6.0 


1 


Abell 85 


00 41 50.4 


-09 18 14 0.0551 


5.55 


2 


0.4 




1 


0.42 


1 


Abell 115 


00 55 50.6 


+26 24 39 0.1970 


10.4 


3 


13.9 


0.4 


2 


158 


1 


Abell 262 


01 52 46.5 


+36 09 08 0.0166 


0.31 


3 


0.3 


1.1 


2 


0.042 


1 


Abell 291 


02 01 43.1 


-02 11 47 0.1960 


4.81 


2 


28.6 


0.3 


2 


1.4 


2 


Abell 646 


08 22 09.6 


+47 05 54 0.1268 


2.76 


3 


17.3 


0.8 


1 


2.3 


2 


Abell 795 


09 24 05.3 


+14 10 22 0.1355 


3.70 


3 


11.6 


1.8 


2 


5.5 


2 


Abell 1068 


10 40 44.4 


+39 57 12 0.1386 


5.00 


3 


143 


3.7 


1 


0.46 


2 


Abell 1084 


10 44 32.9 


-07 04 08 0.1329 


4.56 


2 


4.8 




2 


1.6 


2 


Abell 1204 


11 13 20.3 


+17 35 41 0.1706 


4.96 


3 


6.7 


1 


2 


0.21 


2 


Abell 1361 


11 43 39.5 


+46 21 22 0.1167 


2.27 


3 


8.1 


0.9 


2 


32 


2 


Abell 1664 


13 03 12.5 


-24 14 41 0.1276 


2.60 


2 


67.2 


0.5 


2 


1.6 


1 


Abell 1668 


13 03 46.6 


+19 16 18 0.0640 


0.95 


3 


1.3 


1.7 


2 


0.95 


2 


Abell 1767 


13 36 08.1 


+59 12 24 0.0715 


1.51 


3 








0.023 


2 


Abell 1885 


14 13 43.6 


+43 39 45 0.0900 


1.49 


3 


3.1 


0.3 


2 


0.92 


2 


Abell 1930 


14 32 37.9 


+31 38 49 0.1316 


2.66 


3 


1.4 




2 


0.38 


2 


Abell 1991 


14 54 31.4 


+18 38 34 0.0595 


0.86 


3 


0.7 




2 


0.33 


2 


Abell 2009 


15 00 19.6 


+21 22 11 0.1532 


6.09 


3 


7.3 


0.7 


2 


5.3 


1 


Abell 2033 


15 11 26.6 


+06 20 58 0.0780 


1.40 


3 








8.6 


2 


Abell 2052 


15 16 44.6 


+07 01 18 0.0351 


1.39 


3 


1.6 


4.2 


2 


16 


1 


Abell 2055 


15 18 45.8 


+06 13 57 0.1019 


2.98 


3 








14 


1 


Abell 2072 


15 25 48.7 


+18 14 11 0.1270 


2.02"" 


3 


3.1 


0.7 


2 


0.19 


2 


Abell 2146 


15 56 13.8 


+66 20 55 0.2343 


6.67 


4 


92.4 


7.1 


2 


2.6 
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Abell 2204 


16 32 46.9 


+05 34 33 0.1514 


14.1 


3 


119 


0.7 


2 


3.7 
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Abell 2292 


17 57 06.7 


+53 51 38 0.1190 


1.26 


5 


2.7 


0.3 


2 


2.3 
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Abell 2495 


22 50 19.6 


+10 54 13 0.0808 


1.97 
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1.5 
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0.25 
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Abell 2622 


23 35 01.4 


+27 22 22 0.0610 


0.62 


3 








0.72 
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Abell 2626 


23 36 30.7 


+21 08 49 0.0552 


1.07 


3 


0.53 
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0.41 
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Abell 2627 


23 36 42.4 


+23 55 06 0.1270 


2.20 


3 








<0.062 
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Abell 2665 


23 50 50.6 


+06 09 00 0.0567 


1.12 


3 


0.32 


0.2 


2 


0.44 
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Abell 3112 


03 17 57.7 


-44 14 18 0.0761 


4.31 


2 












Abell 4059 


23 57 00.7 


-34 45 32 0.0475 


1.80 


2 








7.1 
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IC 1262 


17 33 02.1 


+43 45 35 0.0331 


0.30 
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0.10 


1.5 


2 


0.26 
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NGC 4104 


12 06 38.8 


+28 10 27 0.0281 


0.11 
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0.33 




2 


0.004 


2 



Table 1 — Continued 



Oluster 


R A 


DEC 


z Lx 




HOI. -LHq 






rvCi. 


LlAGHz 


Rrvf 

ixcr. 




\^ZUUU ) 


(2000) 


(lO'^'erg 
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(iO erg 


) 






(^lu erg h xiz j 




NGC 4325 


12 23 06.6 


+10 37 17 


0.0259 


0.11 


3 


0.39 


0.9 


1 


<0.001 


2 


NGC 5096 


13 20 14.6 


+33 08 39 


0.0360 


0.14 


3 


0.31 


2 


2 


0.26 


2 


NGC 6338 


17 15 22.6 


+57 24 43 


0.0282 


0.24 


3 


0.66 


0.8 


2 


0.09 


2 


PKS0745-191 


07 47 31.35 


-19 17 39.7 0.1028 


16.4 


6 


70 




3 


66 


1 


RXC JOOOO.1+0816 


00 00 07.1 


+08 16 49 


0.0400 


0.22 


3 








0.32 


1 


RXC J0338.6+0958 


03 38 40.5 


+09 58 12 


0.0338 


2.20 


3 


9.6 


0.6 


2 


0.17 


1 


RXC J0352.9+1941 


03 52 58.9 


+19 41 00 


0.1090 


2.50 


3 


33.8 


0.6 


2 


0.57 


1 


RXC J0439.0+0520 


04 39 02.2 


+05 20 45 


0.2080 


6.28 


3 


70.6 


1.2 


2 


10.7 


2 


RXC J0751. 3+5012 


07 51 19.9 


+50 14 07 


0.0236 


0.13 


3 


0.87 




1 






RXC J0821. 0+0751 


08 21 02.4 


+07 51 47 


0.1100 


1.29 


4 


17.7 


2.5 


2 


0.066 


2 


RXC J1442.3+2218 


14 42 19.4 


+22 18 13 


0.0970 


1.63 


3 


2.7 


1.7 


2 


0.47 


2 


RXC J1532.9+3021 


15 32 53.8 


+30 21 00 


0.3615 


23.3 


3 


427 


0.6 


1 


22.9 


1 


RXC J1720.1+2637 


17 20 10.1 


+26 37 32 


0.1611 


10.6 


3 


25.4 


0.2 


1 


6.5 


1 


RXC J2129.6+0005 


21 29 39.9 


+00 05 23 


0.2346 


13.9 


3 


28.5 


0.2 


1 


4.1 


2 


SllOl 


23 13 58.8 


-42 43 38 


0.0564 


1.84 


2 


9.98 




4 






Zw235 


00 43 52.1 


+24 24 22 


0.0830 


1.93 


3 


2.3 


0.8 


2 


0.87 


1 


Zw348 


01 06 49.3 


+01 03 23 


0.2535 


7.37 


4 


195 


0.6 


1 


0.71 


2 


Zw808 


03 01 38.2 


+01 55 15 


0.1690 


4.20 


3 


3.3 




2 


32.3 


1 


Zwl665 


08 23 21.7 


+04 22 22 


0.0311 


0.22 


3 


0.41 




1 


0.033 


2 


Zw2089 


09 00 36.8 


+20 53 43 


0.2350 


8.10 


3 


265 


6.2 




1.5 


2 


Zw2701 


09 52 49.2 


+51 53 06 


0.2150 


7.89 


3 


4.6 


1.3 


1 


1.9 


2 


Zw3179 


10 25 58.0 


+12 41 09 


0.1432 


3.14 


3 


6.6 


4.8 


1 


5.1 


2 


Zw3916 


11 14 21.9 


+58 23 20 


0.2040 


4.51 


4 


10.6 


0.8 


1 


8.2 


1 


Zw4905 


12 10 16.8 


+05 23 11 


0.0766 


0.70 


3 








<0.006 


2 


Zw8193 


17 17 19.1 


+42 26 59 


0.1754 


8.04 


4 


95.6 


0.8 


2 


11.8 


2 


Zw8197 


17 18 11.8 


+56 39 56 


0.1140 


1.85 


3 


8.5 


1.0 


1 


1.2 


2 


Zw8276 


17 44 14.5 


+32 59 30 


0.0750 


2.34 


3 


9.7 


0.8 


2 


1.3 


1 


Zw9077 


23 50 35.4 


+29 29 40 


0.150 


3.48 


3 


16.4 




2 


4.2 


1 



Note. — Co l umns 2 and 3 list the position of the brightest cluster galaxies. Most of these positions are those listed by 
ICrawford et al.ll|l999h . Column 4 lists redshifts. Column 5 lists X-ray luminosities based on 0.1-2.4 keV ROSAT fluxes, excepting 
for Abell 11 that is 0.5-2 keV. These have been corrected to be consistent with a Hubble constant Hq = 70 M pc~ ^ km s~^. These 
lumin ositi es have been taken fr om measurements li sted i n co lumn 6. References — 1. I David et al. I lll999l'): 2 iBohringer et al.l 
l|2004h : 3. lEbeling et al] lll998h : 4. lEbeling et al] l|2000l) : 5. iBrinkmann et al.l l|l995l '): 6. lEdge et al.l l|l990h . Column 7 lists 



luminosities in H«. Column 8 lists [OIII] (5007)/H/3 ratios. Optical line fluxes and ratios are d erived from measurem ents 
described in column 9. Reference s — 1. SPSS Spe ctral line mea surements. 2. Ta bles 5 and 6 by ICrawford et al. 
Based on Paa fluxes measured by llEdee et al.ll2002h 4. Table 1 bv ljaffe et al] (120051') . and an intrinsic Ha/Paa ratio of 8.46 for 
case B recombination at a temperature of 10* K and a density of 100 cm"''. Column 10 lists integrated luminosities per Hz at 
1.4 GHz. The radio fluxes are taken from the surveys listed in column 11. The ob jects lacking luminosities were no t at positions 
covered by either NVSS or FIRST surveys. References - 1. NVSS survey jCondon et al.lll998h : 2. FIRST survey llBecker et ahl 
Il995l : IWhite et al.lll99'7h : Notes on individual radio observations: The following sources were extended and so the NVSS flux 
was used, not the FIRST flux: A85, A2052, A2055, R1720+26, and Z3916. The following had multiple components seen in the 
FIRST survey and these were added to estimate the total: A1361, A2033, and NGC5096. The following were extended in the 
NVSS images so fits images were used to integrate the total: A2009 and IC 1262, R0338+09, R1532+30. The non detections 
were given 3-sigma upper limits. Notes: The Rosat flux is contaminated by an AGN so the cluster X-ray luminosity is 
less than the number given here. Additional notes: We now describe objects lacking Ha luminosities in the table. 7 objects 
are classified as show ing optical emission lines but lacking Ha emission. Objects with [Nil] emission but no Ha reported by 
ICrawford et al.l lll999l) are are Abell 1767, Abell 2033, Abell 2055, Abel l 2627, ROOOO+0816, an d Z4905. Abell 4059 exhibits a 
similar spectrum wit h [Nil] but no Ha as seen from the 6dFGS archive ll Jones et al.ll2004 l2006h . A3112 exhibits [Oil] emission 
l lKatgert et al.iri99d) but we have failed to find an report of its Ha emission. Through an over sight A2622 was included in the 
sample as it lacks emission lines l iOwen et al.iil995il . 



Table 2. Infrared Photometry 



(^Inc-i-pT* 

V^l ULij liKji. 


^ f\i 1 Tn 


A. ^1 /Tn 




R / /Tn 


94//Tn 


70 / /Tn 






( TYl Tv 1 




1 Tn Tv 1 


1 Tn Tv 1 


1 Tn Tv 1 


AOOll 


1.36 


1.03 


0.89 


1.71 


10.59 


82 


A0085 


5.57 


3.45 


2.46 


1.58 


1.88 


< 20 


A0115 


1.06 


0.80 


0.45 


0.51 


0.50 


< 20 


A0262 


16.93 


9.97 


7.96 


6.57 


4.03 


88 


A0291 


1.16 


0.87 


0.54 


0.50 


0.53 


< 20 


A0646 


1.78 


1.27 


0.85 


0.77 


2.52 


< 20 


A0795 


1.96 


1.36 


0.91 


0.68 


0.25 


< 20 


A1068 


3.41 


2.98 


3.66 


9.23 


74.47 


941 


A1084 


1.52 


1.08 


0.70 


0.44 


0.31 


< 20 


A1204 


1.23 


0.94 


0.59 


0.55 


1.41 


< 20 


A1361 


2.42 


1.68 


1.10 


0.81 


0.66 


< 20 


A1664 


2.27 


1.61 


1.34 


2.67 


4.01 


78 


A1668 


4.61 


2.90 


2.07 


1.41 


0.73 


< 20 


A1767 


5.89 


3.81 


2.61 


2.03 


1.03 


< 20 


A1885 


1.68 


1.24 


1.04 


1.02 


3.81 


< 20 


A1930 


2.21 


1.56 


0.93 


0.68 


0.76 


< 20 


A1991 


4.53 


2.84 


1.91 


1.35 


0.98 


< 20 


A2009 


1.84 


1.34 


0.82 


0.68 


0.66 


< 20 


A2033 


5.21 


3.37 


2.23 


1.45 


0.86 


< 20 


A2052 


7.34 


4.50 


3.53 


2.76 


4.96 


95 


A2055 


3.37 


2.67 


2.26 


2.09 


2.82 


< 20 


A2072 


2.28 


1.48 


0.87 


0.75 


0.73 


< 20 


A2146 


1.18 


1.19 


1.37 


2.53 


24.10 


90 


A2204 


3.31 


2.43 


1.67 


1.79 


2.85 


34 


A2292 


3.08 


2.11 


1.27 


0.90 


1.00 


25 


A2495 


2.99 


1.91 


1.27 


0.86 


0.84 


< 20 


A2622 


5.64 


3.53 


2.48 


1.59 


1.11 


< 20 


A2626 


5.50 


3.47 


2.40 


1.71 


1.39 


< 20 


A2627 


3.43 


2.75 


2.22 


2.23 


0.86 


< 20 


A2665 


6.57 


4.02 


2.86 


1.97 


0.99 


< 20 
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Table 2 — Continued 



Cluster 


3.6/xm 
(mJy) 


4.5/im J 
(mJy) 


5.8/im 
(mJy) 


8^m 
(mJy) 


24/im 
(mJy) 


70 /im 
(mJy) 


A3112 


5. 


,15 


3. 


.43 


2. 


.46 


2. 


.16 


3 


.09 


< 20 




7. 


,91 


4. 


.86 


3 


.47 


2. 


.68 


1 


.91 


< 90 


TCI 9fi2 


7. 


,59 


4. 


.54 


3 


.27 


2. 


.26 


1 


.21 


< 90 


NOC41 04 


17. 


,51 


10, 


.60 


9. 


,45 


12, 


.38 


27. 


.90 


540 


NCr,439^ 


10. 


,04 


5. 


.96 


4, 


,46 


3, 


.41 


2, 


.36 


<r 90 


NCC^DQfi 


7. 


,15 


4. 


.33 


3. 


,09 


2, 


.02 


1, 


.32 


<: 90 


IN vjr vjUOOO 


17. 


,77 


10. 


.45 


7, 


,73 


5, 


.11 


3 


.16 


ou 


1 J.VOU 1 J-Cf J. 


3. 


,95 


2. 


.76 


2, 


.12 


2, 


.87 


10. 


.34 


1 ^4 

XOt: 


Rnnnri-i-ns 


6. 


,95 


4. 


.20 


3 


.07 


2, 


.22 


2. 


.42 


53 




9. 


,43 


5. 


.70 


4, 


.55 


9, 


.61 


2. 


.39 


78 


Rn3'i9-I-19 

1 vu o u J- 


2. 


,04 


1. 


.57 


1, 


.41 


2, 


.07 


5. 


.14 


1 39 


Rn439-l-0'i 


1. 


,71 


1. 


.36 


0, 


.85 


0, 


.92 


2. 


.10 


55 




13. 


,14 


7. 


.80 


5, 


.87 


3 


.94 


2, 


.58 


44 

tit: 




13. 


,62 


8. 


.09 


6, 


.02 


3, 


.78 


1, 


.81 


< 90 


R0891 -1-07 


2. 


,52 


1. 


.81 


1, 


.62 


7, 


.03 


18, 


.00 


397 


R 1449-1-99 


2. 


,83 


1. 


.89 


1, 


.26 


0, 


.97 


0, 


.63 


^ 90 


Rl PiS9-l-30 


0. 


,82 


0. 


.71 


0, 


.48 


0, 


.95 


3, 


.77 


1 19 

X XZ 




2. 


,11 


1 


55 





93 





81 





48 


< 20 


R01 9q_i_nn 


1. 


,45 


1. 


.16 


0, 


.74 


0, 


.56 


1 


.04 


<^ 90 


S1 1 01 


4. 


,90 


3. 


.05 


2, 


.15 


1 


.60 


1 


.27 


<^ 90 


ZiUzoo 


3. 


,30 


2. 


.14 


1, 


.39 


0, 


.90 


0, 


.48 


^ on 
< zU 


Z0348 


0. 


,63 


0. 


.58 


0, 


.43 


1, 


.13 


4, 


.54 


44 


Z0808 


1. 


,95 


1. 


.44 


0, 


.85 


0, 


.58 


0, 


.44 


< 20 


Z1665 


8. 


,20 


4. 


.88 


3 


.63 


2, 


.31 


1, 


.59 


< 20 


Z2089 


0. 


,94 


1. 


.15 


1, 


.77 


3, 


.94 


33, 


.59 


235 


Z2701 


1. 


,21 


0. 


.92 


0, 


.57 


0, 


.37 


0, 


.36 


< 20 


Z3179 


2. 


,97 


2. 


.12 


1 


.28 


0, 


.91 


0, 


.35 


< 20 


Z3916 


1. 


,43 


1. 


.12 


0, 


.62 


0, 


.49 


0, 


.41 


< 20 


Z4905 


3. 


,54 


2. 


.26 


1 


.47 


1, 


.02 


1 


.09 


< 20 


Z8193 


4. 


,92 


3. 


.73 


2, 


.40 


3 


.99 


10, 


.66 


177 
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Table 2 — Continued 



Cluster 3.6yum 4.5/im 5.8/im 8/im 24/im 70/im 
(mJy) (mJy) (mJy) (mJy) (mJy) (mJy) 



Z8197 


2.17 


1.48 


0.97 


0.99 


0.85 


< 20 


Z8276 


3.24 


2.15 


1.63 


1.62 


3.22 


22 


Z9077 


1.58 


1.04 


0.70 


0.44 


< 0.4 


< 20 



Note. — Aperture photometry at 3.6, 4.5, 5.8, 8 and 24.4 jj,m were measured from the 
Band 1-4 IRAC images and Band 1 MIPS images. For the IRAC images we used an aperture 
diameter of 12'.'2 and a sky annulus with inner and outer radii of 32"and 48". Aperture 
corrections taken from Table 5.7 of the IRAC data handbook were applied. These were 1.05, 
1.05, 1.06, and 1.07 for Bands 1-4, respectively. At 24/im we used an aperture diameter o f 
26"and a sky annulus with inner and outer radii of 20"and 32"as did lEgami et al.l (l2006l ). 
Upper limits at 24/im and 70/im were estimated from the fluxes of the faintest sources in the 
field. At 70/im we used an aperture dianieter of 35"and a sky annulus with inner and outer 
radii of 39"and 65"as did lEgami et al.l (120061 ). The aperture correction for the 24/im and 
70/im fluxes is 1.167 and 1.308, re spectively ba s ed on Table 3.13 of the MIPS data handbook 
and is the same as that used by lEgami et al.l (120061 ). R0751-I-50 contains a pair of bright 
elliptical galaxies, hence two measurements are given, one for each galaxy. Abell 2627 is 
a galaxy pair; photometry is only given for the northern galaxy. R0338-I-09 has a nearby 
bright star which is adding to the uncertainty of the photometry. 
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Table 3. Estimated Infrared Luminosities of BCGs 



/^l J- 

Cluster 


T 




/-iri44„ —IN 

(10 erg s j 


Z2089* 


64.68 


A2146* 


45.46 


A1068* 


44.61 


R0821+07* 


8.47 


R1532+30* 


22.62 


Z8193* 


13.70 


Z0348* 


11.92 


AOOU* 


7.97 


PKS0745-1 


3.80 


A1664 


3.21 


R0352+19 


2.40 


NGC4104 


0.80 


R0338+09 


0.39 


R0439+05* 


4.17 


A2204 


3.23 


A2627 


1.59 


A0115 


1.30 


Z8197 


0.72 


R21 29+00 


2 93 


A1204 


1.73 


AUD4D 


1 /I o 

i.4y 


A2055 


1.46 


A0291 


1.30 


A1885 


1.04 


A3112 


0.84 


A2292 


0.80 


A1930 


0.75 


Z8276 


0.74 


Z4905 


0.29 


A0085 


0.28 
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Table 3 — Continued 



Cluster 


T 




{ -1 ri44 — 1 \ 

(lO^^erg s ^) 


A 2052 


0.24 


R 0000+08 

J- IjVJVJ \J\J I \J\J 


0.20 


NGC6338 


0.18 


R 075 1+50 


n in 


A0262 


0.08 


An7Q^ 


<0 ^ 


Al 084 




±\. J- OU -L 


■cO fi 


A1 fifi8 

Ji. _L \J\J Kj 


<^0 3 


A1 7fi7 


^0 5 


A1 QQ1 




A200Q 


<1 


A20SS 


<0 4 


A2072 


<0 7 


A2495 


<0 3 




<0 3 


A2fi2fi 


<0 3 


A2fifi5 


<^0 3 


A405Q 


<0 3 


TC12fi2 


<0 1 




<U.i 


NGC5096 


<0.1 


R1442+22 


<4.5 


R1720+26 


<1.1 


SllOl 


<0.3 


Z235 


<0.3 


Z808 


<1.0 


Z1665 


<0.1 


Z2701 


<1.1 


Z3179 


<0.8 
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Table 3 — Continued 


Cluster 


LiR 




(lO^^erg s"^) 


Z3916 


<1.3 


Z9077 


<0.6 


Note. 


— Infrared luminosities are estimated from the 



flux at 15;um as mentioned in Section 3.3 for BCGs that are 
either detected at 70/xm, have color ratio -F8^m/-^5.8^m > 1-0 
or -F24/im/-f8.0/im > 1-0. The top section contains four BCGs 
that are suspected to harbor dusty Type II AGNs. Z2089, 
A2146 and A1068 exhibit a red -F4.5^m/-^3.6/im color and 
all four have high [OIII](5007)/H/3 flux ratios. The sec- 
ond set is the remaining 10 BCGs with F8Mm/-^5.8;im > 
1.3. The third section is the set of 6 clusters with 
1.0 < Fsfj,m/ F^^snni < 1-3. The fourth set is the remain- 
ing BCGs with IR excesses. Specifically they have ratios 
Fs^^m/ F5,8^rii > 1-0, ^24^*111/^^8.0^111 > 1-0, or a detected 70/im 
flux. The BCGs marked with a * can be classified as LIRGs 
since they have Ljr greater than lO^^L©. The last section 
contains upper limits for the remaining objects. 
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Fig. 1. — Redshift histogram giving the number of clusters in our sample in redshift bins. 
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Fig. 2. — Each row shows one brightest cluster galaxy. From left to right are shown the 
IRAC Band 1 (3.6 /xm), the IRAC Band 4 (8 /xm) and the MIPS Band 1 (24/im) images. 
The rightmost image shows a color map made from dividing sky subtracted IRAC Band 1 
and 4 images in the same region. The region shown is 2'x2', and approximately centered 
on the brightest cluster galaxy. The color map is on a linear not log grayscale. Images that 
contain strong point sources at 24 //m sometimes exhibit diffraction rings and spikes (e.g., 
Af068 and Af664). Linear features in the images of PKS0745-19, R0338+09 and Z8193 are 




Fig. 2. — continued 




Fig. 2. — continued 
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Fig. 2. — continued 




Fig. 2. — continued 
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Fig. 2. — continued 
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Fig. 2. — continued 
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Fig. 2. — continued 




Fig. 2. — continued 
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Fig. 2. — continued 
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Fig. 3. — Spectral energy distributions of the brightest cluster galaxies. We have grouped 
them by 5.5/8.0 //m color. The fluxes are normalized to the 3.6 //m flux, a) These objects 
are among the reddest objects with F8/im/-^5.8/im > 1-3. They also have unresolved red 
nuclei seen in the IRAC color maps. These three have high [0III]/H/5 ratios suggesting that 
they host an AGN. Abell 2146 has a blue 24 to 70 fim flux ratio suggesting that the dust is 
warmer than the others, b) Additional galaxies with -F8^m/-^5.8^m > 1-3. These galaxies have 
strong mid-infrared excesses compared to a quiescent elliptical galaxy and all were detected 
at 70/xm. c) BCGs with 1.0 < Fg^m/^s.SMm < 1-3. d,e) BCGs with 0.75 < F^^^^/F^^^^^ < 1.0. 
f,g) BCGs with -F8/im/-^5.8/im < 0.75. Most of these are consistent with a quiescent stellar 
population. Objects that are not detected at 70// have upper limits on this plot at lO/im 
~ 3-10 times the flux at 3.6//m. h) Additional BCGs with -FsMmZ-^s-SMm < 0.75 and that are 
detected at 70//m. 
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continued 
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Fig. 4. — Infrared color-color plot. Each axis is the ratio of the fluxes at the listed wave- 
lengths. Clusters with a 5.8/3.6 fim flux ratio less than 0.5 and a 24/8 fim flux ratio less than 
2 are quiescent. The two color ratios are correlated but with larger scatter in the 24/8 fim 
ratio than at shorter wavelengths. Objects with flux ratios F^^/F^s > 0.5 or F24/ F^ > 1 
have infrared excesses. The three objects at the top right of the plot are Abell 1068, Abell 
2146 and Z2089 with unresolved red nuclear sources in the IRAC bands indicating the pres- 
ence of hot dust. These three also have high measured [0III]/H/3 ratios and so probably 
host a dusty AGN. 



